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® Method for the detection of human papilloma-vlrus. 



* 

® A method for the detection of human papllioma-virus hIPV 16, HPV 18, HPV 33 or any combination of these 
viruses is disclosed. The meUiod employs amplification by use of a pair of digonucieotide primers of at least 
one DNA region chosen from the group of Df^ regions of the structures shown in Formulae 1-6 t)elow. 
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Region I 

5 '-AA6G6CGTAACC6AAATC66TTCAAC 
CGAAACCGGTTACTATAAAAGCAGAC 
ATTTTATGCACCAAAAGAGAAcf 6CA 

HPV16 

ATGTTTCA66ACCCACA6CA6C6ACCC 
AGAAACTTACCACAGTTATCCACACA 
6CTGCAAAC- 3 ' -CI] 



5 - AAGGGAGTAACCGAAAACGGTCGGGA 



CCGAAAACGGTCTATATAAAAGATGT 



CA6AAACACACCACAATACTATCGCG 
C6CTTTGA6CATCCAACAC6GC6ACC 
CTACAAGCTACCTGATCTCTCCACGC 
AACTGAACAC- 3 ' • C 2 ) 

5 '- TAGGCrGTAACCGAAAGCGGTTCAAC ' 
:C6AAAACGGTGCATATATAAACCAAA 



HPVJ8 



ltPV33 



CATTTTGCAGTAAGCTACTGCACGAC 
TAT^TTTCAAGACACTGAGGAAArAAC 
CACGAACATTGCAT6ATTTGT6CCAA6 
CATTGGAGAC-3 ' ' C 3 3 ' 
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Region II- 

5 '- GAGCACCATCAAATAGATCGTCCAGCT 

GGACAAGCAGAACCCGACACA6CCCAT 

r,. i»« 
TACAATATTOTAACCTTTTCTTCCAAG 

TGTGACTC-3 ' C <• J 



5 GUAACGATCAAATAGATGGAGTTAAT 

CATCAACATTTACCA6CCCGAC6ACCC BPVIB 
GAACCACAACCTCACACAATGTTGTC 

TATCTCTTCTAAGTCTGAACC- 3 ' C5) 

5 GAGCATCAABCCTTGCACCGGCCACA 

TGGACAAGCACAACCAGCCACAGCTG 

lie Hr¥33 
ATTACTACATTGTAACCTCTTGTCACA 

CTTGTAACAC-3 ' " • C. C ) 
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METHOD FOR THE DETECTION OF HUMAN PAPILLOMA-VIRUS 



This invention relates to a method for the detection of speciftc DMA regions of human papilloma-virus 
(hereinafter refenred to as HPV). This invention also relates to a detection icit which is to k>e used for this 
method. 

One factor in the occurrence of cervical carctnonna has been considered to be HPV (M. Durst et aJ., 
5 Proa Natt. Acad. Set. USA. 80, 3812*3815. 1983). More than 50 types of HPV have been identified, and 

HPV 16 has been detected in 40-60% of the reported cases of this desease. HPV 18 in 10-20%. and other 

types of HPV, most often HPV 33, at a lower percentage. 

A culture system for such viruses has not yet been established for use as a detection method for HPV, 

and immunologica] detection is difficult because tfie production of virus particles cannot be detected wh^ 
10 the virus is in the form of viral DMA (i.e., not packed into particles). For these and other reasons. 

conventional methods for detection mainly involve detection of the viral gene itself. With the Southern 

hybridization method, M. DQrst et al. found that some 60% of samples of tissue from cervical cancers 

contain HPV 16 or HPV 18 DNA The sensitivity of the detection by Southem hybridization is at the level of 

0.5-1.0 copy per cell. It has also been found that the DNA of HPV In tissues from cervical cancer is 
T5 integrated into the human genome. In adcRtion, the integrated DNA of HPV has, as a riile. a targe number of 

deletions, and many cases have been found in which tfie only regions that are completely conserved of the 

original are the genes E6 and E7 (Schwarz et at.. Nature. 314. 111-114. 1d85). 

With Soutiiem hyt)ndization. the method currently used for the detection of the DNA of HPV. detection 

is not possible unless there is at least 1 pg of DNA of HPV. This method for detection is also limited by the 
20 need for at least 100 mg or so of tissue sample. 

In the precancerous stage, that of cervical intraepithelial neoplasia (CIN). there is progress through the 

stages CINI to CINIi and then to CINItl before ttie stage of carcinoma is reached. In biopsies taken of 

precancerous tissues, only a very small amount of sample can be obtained, and t>y the currentiy used 

methods for detection, d^ectton from these samples is often difficult 
25 Recently, the polymerase chain reaction (PGR) has t)een developed as a highly sensitive method for 

genetic diagnosis (Metfiods in Enzymobgy. 155, 335-350. 1987). 

The PGR method can be used to amplify enzymatically and in a specific way only the target gene so 

that it Is useful for the detection of the target gene, giving high specifldty vnth only a small amount of 

sample. 

30 In the PGR method, the enzyme used is. for example, heat-resistant enzyme Tag polymerase, and 
amplification is accomplished by a cycle of the step of denaturation of DNA at d4* C. followed by the step 
of annealing of primer DNA at 55* C and the step of enzymatic synthesis of complementary DNA drains at 
72* C. which cyde is repeated the desired number of times at these temperatures, resulting in the 
exponential ampBfteation of the target gene. 

35 For example, by 25 times rep^on of the temperature cycle, the target DNA is amplified atx)ut 100,000 
times. This PGR method is the most useful for the detection of DNA of HPV with high sensitivity from a 
trace amount of sample. 

The detection of HPV DNA with the use of PGR is known in the reports of Melchers et al. (Journal of 
Medical Virotogy, 27, 329-335, 1989), Tidy et al. (Lancet 1. 434, 1989). Shibata et al. (Laboratory 
40 Investigation. 59. 555-559. 1988. Young et al. (Briti^ Medical Journal, 298, 14-18. 1989). Hertz et al. 
(Japanese Laid-Open Patent Application No. 128800/89) and Morris et al. (WO88/06634). 

In the detection of HPV DNA in tissue from cervtoal cancer, which DHA has bom integrated into the 
human genome detection of the DNA regkxis E6 and E7, whteh are conserved entirely in the human 
genome. Is most suitable. The greatest sensftiWty possible with the PGR method is found by tiieoretical 
45 cateulation to be the detection of 10~^ pg of DNA of HVP. but to achieve tills maximum sensitivity; it is a 
prerequisite that the most suitable region of the viral DNA t>e chosen for amplification. 

Also, so that each type of HPV can be identified for type spedficaHy. it is necessary to select a pair of 
primers for amplification whteh are type-specific and to select probes for use in detection which are type- 
spedfic. 

50 In addition, for the amplification and detection of the selected region or regk>ns, the pair of primers 
selected and the selected probes must be suitat)te for the accurate detection of the presence of HPV in 
dinicai spedmens. 

In the report of Metehers et al. mentioned above, the regions selected were LI and E1-E2. As described 
above, the regions of HPV DNA other than B6 and E7 may have deletions when they are integrated into tiie 
human genome, and tiierefore. when regions LI and E1-E2 are selected as tiie regions to be amplified 
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during the detection of HPV, there is a risk of a negative result in cases in which IHPV is actually present 

In the papers published by the groups of Tidy and of Shibata and of Young, the regions selected for 
amplification were region E6 and/or region E7, but the detection of HPV in nonnal tissue specimens of 
cervix was high, 30-84%. The frequency of the occunrence of type 16 and of type 18 HPV in normal 
5 cervical tissue is about 10% (Lancet 1, 703-7C^. 1987). The methods for the detection of HPV of the three 
groups mentioned above will probably give rise to problems when It is necessary to distinguish between 
healthy and diseased* tissue in the dinlcal use of these methods. 

The above cited patent applications of the groups (rf Hertz and of Morris do not nr^ention about the 
examination of dinlcal specimens. 
10 The object of this invention is to provide a method for the detection of HPV DNA and to provide a kit 
which makes use of this method with which during the detection of the HPV DNA. the type of the virus is 
identified clearly, and the amplified region of HPV DNA is amplified with high senslthdty; also this method 
offers a standard for decisions about the mafignancy of cervical tissue in terms of whether there.is cervical 
cancer, a precancerous condition, or neither. 
IS Briefly, this Invention, firstly relates to a method for the detection of HPV 16, HPV 18, HPV 33, or some 
combination of these viruses, which method makes use of amplifk^ation with the use of a pair of 
oligonucleotide primers consisting of at least one DNA region selected from part or all of the E6 or E7 
regions of tiie HPV 16. HPV 18, and HPV 33 genomes. 

Secondly, this invention relates to a detection kit for the detection by the use of the above mentioned 
20 metiiod, which kit is characterized by containing a prdbe for the detection of amplified DNA, and also the 
primer par for amplification of a spedfte DNA region or re^ons. 

To solve the various problems mentioned above, steps taken include tiie selection of DNA region or . 
regions spedfte to HPV 16. HPV 18. or HPV 33, witirin tiie fimits of the DNA regions EB and E7. whk:h are 
ancient HPV genes which are present, without fail, present In hunnan cells infected with HPV. and 
25 oligonucleotide primer DNA which is needed for the amplifk^ation of DNA of HPV by use of the PCR is 
synthesized, after which cellular DNA from human cells that are infected by HPV is isolated, and these 
regions are amplified by tfie PCR; it is necessary to select regions which are type-specific for the virus type 
and which moreover hav& high detection sensitivity. 

We have accomplished tills invention by finding ttiat. it is possible to detect HPV 16, HPV 18, and HPV 
30 33 readily arxl especially to detect their presence in clinical specimerts accurately by the use of a kit which 
contains primers and probes for the amptifteation and detection of a specific region or regions of the HPV. 

This Invention will be explained betow more concretely. 

HPV 16, HPV 18. and HPV 33 were previously doned, and their complete nucleotide sequences have 
been disdosed in Virok>gy, 145, 181-185. 1885; Journal of Molecular Biology. 193. 599-608, 1987; and 
35 Journal of Virology, 58. 991-995. 1986. 

It is known that, v^en HPV is integrated into the human genome DNA, there occurs a deletion, but 
regions which include txrth E6 and E7 remain in the human genome. 

Wfttiin the range of tills E6 regk)n. region I, which is a specific region of DNA in HPV 16, HPV 18. and 
HPV 33. is selected; in tfie same way, wittiin the range of the E7 regk)n, region II, which Is a specific regkm 
40 of DNA in each of these three types of HPV, is selected (Tebto 1). 
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Table 1 



Selected reglona in E6 and B? of HPV16, HPV18 and HPV33 



Region I 
a 0 



5 - AAG6BCGTAACCCmTC68TT6AACCGAAACCBGTTAGTATAAAAGCA6 
ACATTTTATGCACCAAAAGAGAACTGCAATGTnCAGGACCCACAGGAGC 
GACCCABAAAbTfACCACAGTTAfBCACAGAGcfGCAAAC-3' 



5 AAGGGAGTAACCGAAAACGGTCBGGACCGAAAACGGT GTATATAAAA6AT 
GTGAGAAACACACCACAATACTATGGCGCGCnTGAGGATCCAACACGGC 



t « • 



I t 0 



BACCCTACAAGCTACCTGATCTGTGCACGGAACTGAACAC-3 



« 0 



S 0 



5 TAGGGTGTAACCGAAAGCBBfTCAACCBAAAACGGTGCAf ATATAAAGCA 
AACATTTTGCAGTAAGGTAcfGCACGACTATGTTTCAAGACACTGAGGAA 
AAACCACGAACATTGCATGATTTGTGCCAAGCATTGGAGAC-S' 



Region II 

5 GAGGAGBATGAAATAGAT GGTCCAGCTGGACAAGCAGAACCGGACAGAGC 
CCATTACAATATTGTAACcfTTTGTTGCAAGTGTGACTC- 3 ' 



• to 



1 



1 I 0 



730 



5 - GAAAACGATGAAATABATBGABTTAATCATCAACATTTACCAGCCCBACB 

AGCCGAACCACAACGTCACACAATGTTBTGfAfsTGTTeTAAGTSTGAAG 
C- 3 ' 



( «« 



« « e 



1»» 



5 '- GABBATGAABBCTTGBACCGGCCAGATGGACAAGCACAACCAGCCACAGC 
TGATTACTACATTBTAACCTGTTGTCACACTTGTAACAC- 3 ' 



HPVIB 



C 1 ) 



HPV18 



C2 j 



HPr33 



£3) 



HPVIB 



C 4 3 



RPV18 



C53 



HPV33 



C63 



For the amplification of each of these regions, it is necessary to have digoruicleotide primer DMA wtrich 
is a pair of primer DNAs, one of which has at>oiit 20 residues of the sense sequence of the amplifiecl region 
from the 5 terminus and the other of which has about 20 residues of the antisense sequence from the 3' 
terminal. This pair of primers should be capable of annealing with the chosen DMA region mentioned 
tiefore. and as one example of these, the primer DMA shown in Table 2 can be synthesized with use of a 
.DMA syntfiesizer. and purified by HPLX). 
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Table 2 

Primer pairs for arapliricatlon of speciric 
regions of HPV 16, HPV 18 and HPV 33 

5 '-AAG66C6TAACC6AAATC66T- 3 ' 
5 '- 6TTTGCABCTCTGTGCATA- 3 ' 

5 AA666A6TAACC6AAAAC6GT- 3 ' 
5 '- GTGTTCAGTTCCGTGCACA- 3 ' 

5 '-TAGB6TGTAACC6AAA6CGGT- 3 ' 
5 GTCTCCAATGCTT6GCACA- 3 ' " 

5 '-GAG6AGGATGAAATAGATGG- 3 ' 
5 GAGTCACACTTGCAACAAA- 3 ' 

5 '-GAAAAC6ATGAAATA6AT6G- 3 ' 
5 GCTTCACACTTACAACACA- 3 ' 

5 GA66AT6AA66CTT66ACC6- 3 ' 
5 GTGTTACAAGTGTGACAAC- 3 ' 

It is possible to purify DNA of HPV for detection from plasmids in which HPV have been cloned, from 
the cell lines SiHa and HeLa, which contain the DNA of HPV, and from pathological spedmens of cervical 
carcinoma and precancerous specimens. Any of the usual methods for the purification of DNA from cells or 
tissues can be used. It is possible to use specimens of the following kinds: operative specimens, biopsy 
spedmens, and smear samples from the cervix, made with the use of a cotton-tipped swab; the spedmens 
can be prepared by paraffin fixation for the examlriation of pathological spedmens of cervical tissue. 

For the PCR metfKXl, a genetic amplification kit wfiich indudes Taq polymerase and an automated 
genetic amplification apparatus are commercially available from Perkin-Ebner C^tus. and with th^r use, it is 
possible to use the pair of primers of this Im^entkm for the amplifteation reaction of specific DNA regtons. 

After the amplification, it is possible to use, for example, agarose gei electrophoresis, dot hylxkiizatkm 
and the like for the detectk)n of DNA of HPV. 

When dot hybridization is used, the different types of HPV are distinguished by the selection of probe 
DNA spedfic for a region of tt>e Df^ sequence of each type of HPV. 

As the probe DNA. any probe DNA which satisfies the requirements given above can be used, and the 
probes listed in Table 3 gh^ examples of such probes. 



P16-2R 

plB-1 
P18-2R 

p33-l 
P33-2R 

P16-3 
P16-4R 

P18-3 
P18*4R 

P33-3 
P33-4R 



HPV16 Re^on I ( 7 ) 



HPVIB Region 1 (8) 



HPV33 Region I C9} 



HPV16 Region n ClO) 



HPV18 Region II (n] 



HPV33 Region n C12) 
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Table 3 

Probes for the detection of HPV16, HPV18 and HPV33 



10 



IS 



Oligonucleotide probe DNA 
5 - CATTTTATBCACCAAAA6A6AACT6CAATfi 
• TBABAAACACACCACAATACTAieGCGCBC 
• CATTTTBCAGTAABBTACTf CACGACTATB 
CBGACABABCCCATTACAAT- 3 ' 
CC6AACCACAAC6TCACACA- 3 ' 
CAGCCACAGCT6ATTACTAC- 3 ' 



5 
5 
5 
5 
5 



3' PBIBI HPVIB Region I 

3' pBlSI HPVIB Region I 

3 ' PE33 I HPV33 Region I 

pBlSn HPV16 Region II 

pBian HPVI8 Region II 

p833 n HPV33 Region II 



20 



30 



35 



40 



45 



50 



The DNA of these probes can be synthesized and purified by the same methods mentioned before for 
primer DNA. The prcbe DNA can be detected with a high degree of sensitivity by labelling of the prot>e 
DNA. Any of tiie known methods for labelling may be employed, such as, for example, the labelling of the 
5' end of the probe DNA with witfi the use of T4 polynucleotide kinase, in an isotopic labelling method, 
and also by non-isotopic labelling methods, such as the enzymatic iabelKng of probe DNA. fluorescence 
labeinng, labelling with kMotin-avidin, or by the introduction of suKbne groups Into the probe DNA as in 
Chemprobe kit (Takara), plus the use of an antibody to these groups to recognize the probe. 

To establish the limit of detectkm of HPV DNA by this assay, the template DNA sample containing a 
specific amount of HPV DNA can be ampfifled by PGR and detected by dot hybridization. The template 
DNA sample can be prepared by cfilution of HPV DNA from ctoned plasmids with genome DNA of normal 
cervical tissue. 

The pair of primers and the prot>es of this invention can be used in the detection of HPV DNA which is 
at the concentration of 10~^. and it is possible with their use to detect with high sensitivity regions I and II in 
the DNA sequence, thus making possible detection of HPV 16. HPV 18, and HPV 33 with high sensitivity. 

In fact, when results from this method and those from Southern hybridization with the same sample 
were compared, and it has been found that it is possible by our method to detect HPV DNA in the sample 
that coukt not be detected by the use of Southern hybridization. It was possible to detect HPV DNA in 84% 
of the samples of cendcal carcinoma tissue, and it was possible to detect HPV DNA In 70% of the samples 
of precancerous tissue in stages CINI-aNlll, both of which rates were high, and typing of the viruses was 



HPV DNA was detected in samples of tissue from normal cervix at 2%, a lower rate than by the 
conventional methods, so that the method of this invention is particularly satisfactory in providing a standard 
for the detection of malignancy in cervical tissue. 

The pair of primers for amplifk^ation of the specific DNA regions of this HPV and the probes for the 
detection of the amplified DIMA regions can be supplied in kit fonn, arKl it is possible with the use of the kit 
to detect readily human HPV 16, HPV 18, HPV 33, or some combination of these. In additkm. the pair of 
primers whteh are needed for the ampliflcatkm of regkms I and II may be provkJed in the kit in a mixture, 
and if the sample being tested has HPV Dl^ in whk:h either region i or region II DNA has undergone 
mutatkm, it is possible to amplify the HPV DNA. and when clinical tests are being done, it Is possible to 
prevent felse-negatfve results. The reagents for use with the kit may be in liquid fonm. and they can also be 
in lyophilized fomn. 

The invention will be explained in more detail by references to the following Bcamples. However, this 
invention is not to t)e limited to these Examples. 



55 



Bcamplel. 



Amplification and detection of HPV regions I and II by the PGR method: 
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(1-1) Preparation of human genome DNA: 

CeHs of the human cervical carcinoma cell line SiHa contain 1-10 copies of HPV 16 DNA. HeLa cells 
contain 10-50 copies of HPV 18 DNA. These cells were cultured separately in 6 cm culture dishes each 

6 containing Dulbecco's modified Eagle medium (DMEM; F\cm Lat>oratories) which contains 10% fetal bovine 
serum (FBS; Flow Laboratories), 100 units/lml streptomycin (Meiji Se\ka K.IC). and 100 units/inni penicillin 
(Banyu Pharmaceuticals Co.» Ltd.). When the cell number reached about 10^, the culture was stopped and 
the medium was removed. The cells were washed with 5 ml of TE buffer (10 mM Tris-HCI, pH 8.0. and 
ImM EDTA) containing 0.1 M NaCi. and then 5 ml of 0.5% SDS was added to the dishes, which were then 

10 left for 20 minutes at room temperature. The cells were scraped from the dishes and collected in 
polystyrene tubes. To the tubes was added 5 ml of TE buffer containing protease K at a concentration of 
100 iiQ/m\, and the tubes were kept at 70* C for 2 hr. 

Rve milDliters of a mixture of equal amounts of phenol and chloroform was added to the tubes, which 
were then agitated gently and centrlfuged at 12,000 rpm in No. 3N rotor (Tomy Seiko Co.. Ltd.) for 5 min. 

IS The supernatant was obtained. To it was add^ 5 ml of chlorofonn. and the mixture was agitated gently. 
Centrifugation under the same conditions was dorte again, and the supernatant was obtained. 

To this aqueous supernatant 0.5 ml of 3 M sodium acetate and 1 0 mi of ethanol were added, and the 
mixture was mixed tt)oroughly. The mixture was kept at -70* C for 15 minutes, and then centrifuged for 10 
minutes at 12,000 rpm in No. 3N rotor. Genome DNA was obtained as the precipitate. 

20 The prec^Ntate was rinsed with 80% ethanol. and dried. Then it was dissolved in 1 ml of sterifized 
water. About 100 ug of genome DNA was otrtained. 

Specimens of cervkal carcinoma tissue, condyk)ma acuminatum tissue, and normal cervteal tissue from 
patients who undenwent hysterectomy for uterine myeloma were obtained. The specimens weighing 100 mg 
each were cut into pieces with dissection scissors, and the same procedures as above were followed, with 

25 treatment with protease K and then with phenol arid ck)roform, giving about 100 ixg of genome DNA. 



(1-2) Synthesis and purificatkm of oligonucleotide primer DNA and probe DNA: 

30 When specific DNA sequences from tissue are to be amplified by the use of the PGR method, about 20 
bases of the sense sequence from the 5 end of the region to be amplified and about 20 bases of fhe anti 
sense sequence from the 3' end of the region to be amplified are needed for use as the oligonucleotide 
primer DNA. Also, for tfie identification of the various types of HPV by hyt>ridization, oligonudeotide probe 
DNA is needed. 

35 The primer DNA and prdbe DNA shown in Tables 2 and 3. respectively, were synthesized with a DNA 
synthe^zer (Applied Biosystems), and after deprotection, the DNA was purified by ion-exchange HPLC.on 
TSK gel in a DEAE-2SW column. It was then desatted on a Sep-Pak CI 8 column (Waters), and about 50 ug 
of each Df4A was obtained. 

40 

(1-3) Amplification of regions I and II of HPV 16 by PCR method: 

From SiHa ceils, HeLa cells, two specimens of cervical cancer from two patients infected with HPV 16. 
two specimens of condytoma acuminatum from two patients infected with HPV 6 or HPV 11, and two 

45 specimens of healthy cervrcal tissue from two patients wfK) undenwent hysterectomy, 1 ug of genome DNA 
was purified by the methods described in (1-1) and put into a 0.5 ml tut>e (Bio BIk). The tube was heated 
for 10 minutes at 94* C, and to the tobe were added 10 ul of a solution provided In the Gene Amp Kit 
(Pericin-Qmer Cetus), which was lOx amplificatton buffer (100 mM Tris-HGl. pH 8.3, 500 mM KCl, 15 mM 
MgCb, and 0.1% (w/v) gelatin), 16 ul of a 1.25 mM dHTP mixture (dATP, dGTP. dCTP, and dTTP), 1 ul of 

50 20 uM p16*1 primer, 1 ul of 20 uM p16-2R primer, and 0.5 ul of 5 units/kil Ta^ polymerase. The reaction 
mixture was made to 100 ul by the addition of sterilized water. 

To this reaction mixture, 100 ul of mineral oil (Sigma) was added, and an automated gene amplifier 
(Thermal Cycler; Perkir>-5mer Cetus) was used for the amplification reaction. 

The reaction was proceeded at 94* C for 1 minute for denaturation, at 55*.C for 2 minutes for anneallr^ 

55 of the primers, and at 72* C for 2 minutes for tfie synthetic reaction. This cycle was repeated for a total of 
30 times. After the reactton, the mineral oil of the upper layer was removed. Then 10 ul of the reaction 
mixtore was analyzed by gel electrophoresis on a mixture of 3% Nusieve GTG agarose and 1% Sea-kem 
agarose (FMC). The gel was stained witii ethicfium bromkte and the DNA l:>ands were examined. Amplified 
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DNA was found. 

A band at the region of 140 base pairs (bp) was fourKJ with the DNA from SiHa cells and from 
specimens of cervical carcinoma from patients infected with HPV 16. 

DNA from HeLa cells, from specimens from patients with condytoma acuminatum, and from specimens 
6 from nonnal cen^cal tissue was not amplified, so the DNA of the pi 6-1 and p16-2R primers specifically 
amplified HPV 16 DNA. 

By the same methods, the primers pi 6-3 and p16-4R were used for the amplification of region II. 
Ampfified DNA at the region of 89 bp was found in SIHa cells and in specimens from patients with cervical 
carcinoma who were infected with HPV 16. 



(1-4) Identification of the HPV type by the use of dot hybridization: 

The reactfon mixture obtained in (1-3) was heated at 94* C for 10 minutes and then rapidly cooled in an 
16 ice bath, so that the DNA was denatured. Then 1 ul of the reaction mixture was spotted on a nylon 
membrane (Schleicher & Shuell) and illuminated with ultravtolet light at 254 nm for 10 minutes to fix the 
DNA to the memtMBne. 

This membrane was kept in 10 ml of prehykmdization buffer (5x Denhardfs solution. 5x SSC. 0.1% SDS 
with 100 ug/ml salmon sperm DNA) for 2 hours at 37* C for prehybridization. 
20 ^ Next, prc^ DNA pB16-1 labelled at tfie s' end with ^P was added, and hyfc)ridization was canried out at 
37* C for 2 hours. 

The following procedure was conducted with the use of a Megalat>el Kit (Takara) for labelling of the 

probe with ^P. Rrst. 1 ill of probe DNA at the concentration of 10 pmol/UI was mixed with 1 ul of a xlO 

phosphoryiatfon buffer, 5 ul of 10uCI/UI [-y-^lATP (Amersham), and 1 ul of T4-polynucleotide kinase (10 
25 units), and the mixture was brought 10 ul by the addition of 2 ul of sterilized water. The mixture was 

aOowed to react at 37* C for 30 minutes. After the reaction, the mixture was heated at 65' C for 10 minutes, 

and then 2 ul of the reactfon mixture (at>out 10* cpm) was used in hybridization. 

After the hybridization, the memtxane was washed twice for 10 minutes each time at room temperature 

in washing solution 1, which contained 0.1% SDS in 2x SSC, and next washed twice for 20 minutes each 
30 time at 55* C in washing 2, whk:h contained 0.1% SDS in 0.2x SSC. The membrane was dried and then put 

into a cassette containing Xnray film (Fuji Film). The cassette was kept at -70 * C for 3 hours to alfow the film 

to be exposed for autoradfography. 

In this way, dots appeared which were the result of hybridization between the amplified DNA from SiHa 

cells and the pB16-1 probe and also between the amplified DNA from cervical carcinoma tissue infected 
35 witii HPV 16 and the pB16-1 probe, rfo hybridization was found wWi tiie DNA from HeLa cells, tissue from 

oondyfoma acuminatum, or heatthy cervical tissue. 

HytMldization was done In the same way witt) the use of the probe pB33-l and the pB18-l. No 

hybri^zation was found. These results showed that tiie primers p16-l and p16-2R amplified HPV 16 

spedficaily, and also that the probe pB16-l couki detect HPV 16 by hybridization witii it in a specific way. 
40 A DNA of HPV 16 region II amplified with tiie use of primers p16-3 and p16-4R was hyt>ridized 

specifically with probe pB16-II. 



(1-5) Sensitivity of detection of HPV 16 DNA assayed witii tiie use of regtons i and II of HPV 16: 

45 

We assayed tiie limit of detection of HPV 16 DNA by tiie use of regions I and II in a model 
experimental system whfoh emptoyed ctoned plasmid. The plasmid was the restriction fragment B from* Psti 
digestion which included regions K and E7 of HPV 16 DNA (1776 pb: Journal of Virology. 58, 979-982, 
1986) inserted into the PstI site of the vector pSV2neo (5.6 kb). The plasmid was designated p16PstlB. 

50 Tfie length of the entire human genome DUA is 3 x 10^ bp. So that there would t>e 10 copies of 
p16PstiB/genome DNA. ttiis plasmid was diluted In genome DNA obtained from nonnal cervical tissue by 
tiie metiKxJs of (1-1). In tiiis step, 245 pg of p16PsUB was cfiluted witii 10 ug of normal genome DNA. This 
mixture was diluted tenfblds witii nonnal genome DNA. and model template DNA In which ttiere were 10 to 
10~^ copies of plOPstiB per genome DNA was prepared. Here, lug of genome DNA witii 10~^ copies of 

55 plOPstiB corresponded to about 10^ pg of HPV DNA, which was roughly one molecule. Then 1 ug of tiiis 
model template DNA was used by tiie mettiods shown In (1-3) to amplify region I. I^xt. tiie metiiods of (1- 
4) were used for dot hybridization. Dots were found for as IHtte as 10*~^ copies/genome DNA. The same 
cfogree of sensitivity was found wfhen region 11 was examined in tiie same way. 
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These results showed that with the use of regions I amJ II, it Is possit)le to detect one molecule of HPV 
DMA (10~^ pg) in a sannple, and that the PCR method can be used for detection wHh extremely high 
sensitivity. 

5 

(1-6) Amplification and detection of regions I and II of HPV 18 and HPV 33: 
Amplification and detection of KPV 18 and HPV 33 were carried out 

As template DNA. DMA (7J9 kb) containing the E6 and E7 regions of HPV 18 was inserted into the 
10 EcoR I site of the Escherichia coii plasmid pBR322, giving a plasmrd de^gnated pHPV 18(EMB0 J. 3, 1151- 
1157, 1884). Also, as template DNA. DNA (7.9'kb) containing the E6 and E7 regions of HPV 33 was 
inserted into the Bgill site of tt)e E. coll plasmid plmk322, giving a plasmid designated pHPV33 (J. ViroU 58. 
991-995, 1986). Again, as template DNA; DNA (7.9 kb) containing the E6 and E7 regkMris of HPV 16 was 
Inserted into the EcoR I site of the E coll plasmki mentioned above. pBR322, giving plasmid pHPVIB (Proa 
76 Natl. Acad. Sd. USA, 80. 3812-3815. 1983). Each of these template DNAs was used 1 ng and with 1 ug of 
genome DNA prepared from SiHa cells or HeLa cells by the methods of (1-1). 

By the methods of (1-3), a reaction system, containing primer DNAs p18-1 and p18-2R or else p33-1 
and p33-2R, otrtained by the methods of (1-2). was used for ampFification. By the methods of (1-4), dot 
hybridization was done: in this step, as the probe DNA, pBl8^l and pB33-l obtained as described in (1-2) 
20 were used. 

When amplificatxHi was done with p18-1 and p18-2R as the primers, the amplified DNA from pHPVIS . 
or HeLa cells hybridized wHh the probe pB18^l, and dots appeared. 

When ampfification was done with p33-1 and p33-2R as the primers, only pHPV33 showed a 
hybrkJization spot with probe pB33-l. This showed that when primer DNA for the conBsponding type of the 
25 virus was used, the DNA of region I was specifically amplified, and it was possible to detect it with the 
appropriate prot>e DNA. 

In the same way, the different template DNAs were amplified with the use of a reaction system that 
cont^ned as the primers either pi 8-3 and p18-4R or else p33-3 and p33-4R, which were obtained by the 
methods of (1-2); as the probe DNAs pB18-ll and pB33-ll, obtained by the methods of (1-2), were used to 
30 detect regton 11 of HPV 18 and HPV 33. We found that with region II as well, the corresponding type of the 
virus was amplified, and it was possible to detect it wHh the appropriate probe DNA. 

By the use of the methods of (1-5). the various template DNA plasmids were diluted with genome DNA 
obtained from healthy oervteal tissue, and the appropriate pairs of primers and the appropriate probe were 
used for amplificatkm and detectkMn. In the same way as In (1-5). it was possit>le to detect HPV DNA at the 
3S extremely sensitive detectk>n level of 10~^ coptes/genome DNA. That is. It was possible to detect about 
10~^ pg of HPV DNA in the sample, which was roughly or^e molecule of the HPV DNA. 

The results obtained atx>ve show that the virus types HPV 16. HPV 18, and HPV 33 can be efficiently 
kientified by the use of regkms I and 11 of HPV, and that detectkm at an extrenr^ly sensitive level is pos^ble 
when pairs of primers and the probe used conrespond to the HPV 16. HPV 18. and HPV 33 being tested for. 

40 

Example 2. 



45 Preparation of an amplification and detection kit for HPV 16. HPV 18, and HPV 33: 

A kit was prepared for the amplificafion and detectk)n of HPV 16, HPV 18. and HPV 33 In samples. 

As the primer for use in the amplification of DNA; 4 uM solutions of p16-1,p16-2R. p1&-1, p18-2R, p33- 
1, and p33-2R were dissolved separately in 100 ul of TE buffer, and these were named the HPV primer 
60 solutions I (component A). Also, p16-3, p16-4R, p18^ p1&4R, p33-3.and p33-4R were dissolved separately 
in 100 ul of TE buffer, and these were named the HPV solutkm II (component B). Next. p16-1, p16-2R. 
p16-3, p16-4R. p18-1, p18-2R, p18-3. p18-4R, p33-1, p33-2R, p33-3,and p33-4R were dissolved separately 
in TE buffer to the concentration of 4 uM, and these were named the HPV primer sotutk)ns III (component 
C). 

55 As the probes for the detectk>n of DNA, pB16-l, pB16-ll, pB18-l, pB18-ll, pB33-l, and pB33-ll were 
dissolved separately in TE buffer, at the concentration of 2 ug in 20 ul. and these were named the HPV 16- 
I prok)e solution (component D), HPV 16-11 probe solution (component E), HPV 18-1 probe solution 
(component F). HPV 1&-II probe solution (component G), HPV 33-1 probe solutkxi (component H), and HPV 
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33-11 probe solution (component I). 

Components A. D, F. and H were provided together in an amplification and detection lot i for HPV; 
components B, E« G, and \ were provided together in an amplification arxj detection kit 11 for HPV; and 
components C, D. E, F, G, H» and I were provided together in an amplification and detection kit III for HPV 
(Tak)le 4). 

Table 4 



10 



16 



20 



25 



Kits for the amplfficatton and detection of HPV 



Kit I : Component A 

D 
F 
H 

Kit H : Component B 

E 
G 
I 

Kit 111: Component C 

D 
E 
F 
G 
H 
I 



HPV primer solution i 
HPV16-I probe solution 
HPV18-I probe solution 
HPV33-I probe solution 
HPV primer solution II 
HPV16-II probe solution 
HPV1&>li probe solution 
HPV33-II probe solution 
HPV primer solution III 
HPV1 6-1 probe solufion 
HPV16-II probe solution 
HPV18-I probe solution 
HPV1&*!! probe solution 
HPV33-I probe solution 
HPV33-II probe solufion 



100 ul (5ulx20 uses) 
20 ul (1ulx20 uses) 
20 111 (1ubc20use8) 
20 ul (1ubc20 uses) 
100ul(5ulx20 uses) 
20 ul (lubc20 uses) 
20 ul (1utx20 uses) 
20 ul (1ubc20 uses) 
100 ul(5ub(20 uses) 
20 ul (1ub(20uses) 
20 ul (1ub(20uses) 
20ul(1ulx20 uses) 
20ul(1Ulx2Duses) 
20 ul (1ulx20uses) 
20 ul (1ulx20 uses) 
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Detection of HPV DNA in specimens of cervk:al carcinoma and precancerous tissue: 

By the methods of (1-1), genome DNA was obtained from about 100 mg of tissue from 43 patients ytho 
underwent surgery for cervical carcinoma and from about 10 mg of tissue obtained during biopsy of 27 
patients with precancerous tissue. Off these two pooled samples, about 100 ug and about 10 ug of genome 
DNA were obtained, respectively. 

Then, 1 ug of each of the genome DNAs was denatured by being heated at 94'C for 10 minutes. To 
Itie denatured DNA, 10 ul of xlO buffer from the Gene Amp kit was added, as were 16 ul of 1.25 mM dNTP 
solution, 0.5 ul of 5 untt^l Tag polymerase, arid 5 ul of component A from the kit I of Example 2. This 
mixture was made to 100 Ul by the addition of sterilized water. By the methods of (1-3), region I of HPV16, 
HPV 18, and HPV 33 were ampfified together in a ^ngle tube. 

After the amplificatkm, the DNA was denatured, and 1 ul of the reactk)n solution was spotted on each of 
three nykm memt>ranes. Three nyk>n memtwanes were prepared in the same way and hybridization was 
carried out by the metfiod of (1-4). 

Thus, 1 ul each of components D, F. and H described In Example 2 was used, and by the methods of 
(1-4), probe DNAs pB16-l, pB18-l, and pB33-i were prepared by being labelled with ^P. and the appropriate 
prctoe was added to the three membranes; Mlomod by hybridization. Each of these types of HPV couM be 
identified. 

As shown in Table 5, of specimens of cervk:al carcinoma from 43 patients, HPV DNA could be detected 
in 36 specimens (84%). 



55 
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Tables 



Detection of HPV DMA in specimens 
of cennca) carcinoma 


HPV 16 


HPV 18 


HPV 33 


Overall 


33M3 
(77%) 


12/43 
(28%) 


6/43 
(14%) 


36/43 
(84%) 



As shown in Table 6. specimens of precancerous cervical tissue from 27 patients, HPV DMA could be 
detected In 19 specimens (70%). 

HPV DNA was detected in 5 erf the 8 pafients in CINI, In 7 of the 8 patients in CINII. end in 7 of the 10 
75 patients in ClNlll. so detection of HPV DNA was possible in all stages from CINI to CINIII. 

The same kind of results were otytained with the use of region II. Thus, it was possible to detect regions 
I and II from actual pathological specimens effectively. 

Table 6 

20 



Detection of HPV Df^lA In specimens of 




precancerous cervial tissue 






HPVie 


HPV18 


HPV33 


Overall 

• 


Overall 


18/27 


6/27 


4/27 


19/27 




(70%) 


(22%) 


(15%) 


(70%) 


CINI 


5/8 


0/8 


2/8 


5/8 


CINII 


7/9 


2/9 


1/9 


7/9 


CINIII 


7/10 


4/10 


1/10 


7/10 



35 Example 4 



Detection of HPV DNA in specimens of healthy cervical tissue: 

40 About 1 mg of mucosal cells from the cervix collected with the use of cotton swatis from 42 women 
from areas of Nstologtcally- normal cervix was treated by ttie methods of (1-1) to isolate genome DNA. 
Af^proximately 1 ug of DNA was obtained. By the methods of Example 3. HPV DNA was sought in the 
samples. In 2% of the specimens (1/42 sut>^cts), HPV DIMA was found. Thus, this method is a very 
effective method for the detection of malignancies in cervical tissue. 

45 As explained in detail atx>ve, this Invention provides a method for the detection with high sensitivity of 
HPV DNA, especially by the use of ttie PCR, In which regions I and II are identified, and by which mettKxJ 
the HPV genome in cancerous tissue and precancerous tissue can be detected with high sensitivity; this 
invention also provides a icit which makes use of this method. 

50 

Claims 

1. A method for the detection of human papillomavirus HPV 16, HPV 18, HPV 33 or any combination of 
these vimses by amplification by use of a pair of oligonucleotide primers of at least one DNA region chosen 
55 from the group of DNA regions of the structures shown in Formulae 1-6 below. 
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Region I 

5 AA666CGTAACCGAAATCG6TTCAAC 
CCAAACCGGTTAGTATAAAAGCAGAC 
ATTTTATGCACCAAAACAGAAcfcCA 

110 ,70 I 31 HPV16 

ATGTTTCA66ACCCACA60A6CGACCC 
ACAAACTTACCACACTTATCCACACA 
BCTGCAAAC-a ' CI) 

5 - AAG66A6TAACC6AAAACG6TCG6CA 



C:GAAAAC6GT6TATATAAAAGATCT 
GAGAAACACACCACAATACTATGGCG 
C6CTTT6A66ATCCAACAC66CGACC 
CTACAA6CTACCT6ATCTCTCCACCG 
AACTGAACAC- 3 ' C 2 ) 



HPVll 



5 TAG66TCTAACCGAAA6C66TTCAAC 
C6AAAACG6T6CATATATAAA6CAAA 
CATTTT6CAGTAA66TACT6CAC6AC 



UPV33 



f Ar6TTTCAAGACACT6A6GAAA:AAC 
CACGAACATTGCATGATTTGTGCCAiSG 
CATTG6A6AC- 3 ' ' C 3 } 



Heglon II , 

5 6AGGA66AT6AAATAGATGGTCCACCT 

GGACAACCAGAACCG6ACAGAECCCAT 

TACAATATTGTAACCTTTTGTTGCAAC 
TGTGACTC-3 ' ( 4 ) 
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5 GUAACCAT6AAATAGATGGAGTTAAT 

CATCAACATTTACCAGCCCGACGACCC BPVI8 
GAACCACAACCTCACACAATGTTGT6 
TAfGTGTTGUAGTCTGAAGC-3 ' C5) 

5 GAGCATCAABGCTTCGACCGGCCAGA 

TGGACAACCACAACCAGCCACAGCTG^ ^^^^^ 
ATTACTACATTCTAACCTCTTGTCACA 

CTTGTAACAC-3 ' t- •» 3 



2. A method according to claim 1 wherein the primer pair Is selected from the group of the pairs of 
primers having the structures shown in Formulae 7-12. 



5 '- AA6G6C6TAACC 

GAAATCG6T- 3 ' pl6-l 

5 GTTTGCAGCTCT 

GTGCATA-3 ' plG-Zfl 



HPVIG. Region I 
( 7 ) 



5 - AA666A6TAACC 

6AAAAC66T- 3 ' pl8-l. 

9 

5 • CTCTTCACTTCC 

BT6CACA-3 ' pl8-2R' 



HPV18,* Region I 
C 8 ] 



5 TA6GGTBTAACC 

CAAA6C66T- 3 ' p33-l 

5 GTCTCCAATGCT 

T6GCACA-3' p33-2n 



HPV33, Region I 
C 9 ] 
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5 GA66AC6AT6AA 

ATAGATGG-3 ' p16-3 



5 - GAGTCACACTTG 

• CAACAAA-3 ' pl6-4R 



UPV16, Region II 
CIO) 



5 - 6AAAAC6ATEAA 

ATA6ATGG-3 ' p18-3 

5 BCTTCACACTTA 

CAACACA- 3 ' P18-4H 



HPV18. Reslon XX 
C tl) 



GA6GATGAAG6C 
TTG6ACC6- 3 ' p33-3 

5 • GT6TTACAAGTB 

TGACAAC- 3 ' p33-4tt ' 



.ifPV33/ Region XX 

m 

( 12] 



3. A kft for carrying out the method of human papilloma-virus detection of daim 1, which comprises a 
pair of primers for the amplification of a specific DNA region, and also a probe for the detection of Hie 
amplified UNA. 
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